Loss of soil fertility as a result of continuous cropping on the same piece of land has necessitated the need to improve soil fertility for better crop yields. Inorganic and organic fertilizers have been used to improve soil fertility, however, excessive use of soil amendments improve vegetative growth of plants thereby attracting large numbers of insect pests. Cow dung and poultry droppings were used as soil amendments in a field experiment using eggplant Solanum melongena. The effects of these organic manures were compared with inorganic fertilizer (NPK) and a control where there was no application of soil amendment in a randomized complete block design with 3 replicates. Parameters studied were pests' and their numbers, plant height, number of leaves per plant, leaf area, stem girth and yield. The major insect pests identified on the plant were Bemisia tabaci, Aphis gossypii, Leucinodes orbonalis and Eublemma olivacea. Bemisia tabaci and Aphis gossypii scores were significantly larger on cow dung and poultry manure plots. Leucinodes orbonalis and Eublemma olivacea numbers were not significantly different on the treated and control plots. Mean plant height, number of leaves and yield differed significantly among the soil amended plots. Even though soil amendments improve the nutrient content of the soil and the yield of crops it could lead to increase in pests numbers and damage caused to plants.
Introduction
Eggplant (Solanum melongena L.) also known as garden egg is one of the important vegetable crops widely cultivated and consumed in many countries. It is cultivated together with other vegetables such as pepper, tomato and okra (Ibekwe et al., 2014) but may also be cultivated in a monocropping system. The fruits of eggplants are essential sources of carbohydrates, vitamins, proteins and mineral salts (Shirley, 2000) . Its consumption has increased in developing countries like Ghana due to population growth. Raw eggplant is composed of 92% water, 6% carbohydrates, 1% protein and negligible fat (San Jose et al., 2014) and small quantities of thiamine, niacin, riboflavin and iron (Siemonsma and Piluek, 1994) .
Cultivation of vegetable crops is hampered by a number of constraints such as low soil fertility, insufficient rainfall and the incidence of diseases and pests. Insect pests are the most important limiting factor to increased production of eggplant and other vegetable crops. One hundred and forty six insect species have been documented to be pests of eggplant (Critchley, 1995) .
The use of organic and inorganic fertilizers has impacted positively on the yield of eggplant; however, dependence on chemical fertilizers for increased crop production may not always be feasible (Insaidoo and Quarshie-Sam, 2007) . The fact that chemical fertilizers are expensive and may not be readily available to the small scale farmer is a drawback to increased crop production. The importance of eggplant in terms of its nutritional value and as an export crop is negatively affected by a number of insect pests which attack the plant at various stages of growth. These include piercing and sucking insects such as whiteflies, aphids and thrips and plant defoliators such as the grasshopper, Zonocerus vareigatus and Acraea peneleos (Owusu-Ansah et al., 2001) . The most destructive pest of eggplant is the fruit and shoot borer Leucinodes orbonalis which can cause yield reduction up to 70% (Van Steenwyk and Barnett, 1985) .The larvae of eggplant fruit and shoot borer make holes in the tender shoots resulting in withering of the plant. Larvae feed inside the fruit causing severe economic damage. Other major pests of eggplant include aphid, Aphis gossypii (Goggin, 2007) , the spotted beetle, Epilachna dodecastigana (Wiedemann), (Alagarmalai et al., 2014) and the leafhopper, Amarasca devastans (Van Steenwyk and Barnett, 1985) .
In order to increase food production for the ever-increasing human population, there is the need to reduce the effects of insect pests on cultivated crops and improve the nutrient content of the soil. Chemical fertilizers, when applied to the soil increase agricultural productivity. The commonly deficient nutrient in the soil is nitrogen and its application in the form of nitrates leads to increased yield. High photosynthetic activity, dark green leaves and healthy vegetative growth are associated with adequate nitrogen supply (Jahn et al., 2004) . The continuous use of chemical fertilizer as soil amendment may not be the most environmentally preferred option to improve soil fertility in Ghana and other developing countries. This is due to its cost, the fact that it may not be readily available and on time and the problem of run-off of excess fertilizer into water bodies.
The alternative to the use of chemical fertilizer is the application of organic fertilizer. Poultry manure and waste from other farm animals is the alternative to increasing the nutrient content of the soil (Dauda, 2008) for plant growth and increased food production. Poultry manure has been used over the years as a source of plant nutrients to increase soil productivity, soil organic carbon, microorganisms and yield of crops (Beckmann, 1973) . Organic manures are less expensive, but they provide the plant with good sources of nitrates and phosphates which are the main constituents of poultry manure (Rahman, 2000) . Other important elements such as calcium, magnesium and sodium are present in poultry manure (Dauda et al., 2005) . According to Aliyu et al. (1992) , the extensive use of inorganic fertilizer has a depressing effect on yield, reducing the number of fruits, delaying and depressing fruit setting leading to heavy vegetative growth.
Application of inorganic fertilizer imposes a huge financial burden on farmers, with its attendant negative effects. The current study evaluated poultry manure and cow dung as soil amendments in the management of pests of eggplant and how these affected growth parameters and yield of the plant. (Mochiah et al., 2011) .
Materials Methods

Study Area
Land Preparation
The entire field was cleared of weeds and the soil was turned over using a hoe, a local farming implement. Twelve plots each measuring 5 m x 1.5 m were laid out, with 0.5 m alley between 2 plots for easy movement.
Preparation of Organic Manure
Poultry droppings and cow dung were obtained from the Animal Farm of the Animal Science Department. Each was heaped in the open separately and allowed to decompose for 4 weeks before they were used.
Nursing, Transplanting and Application of Soil Amendments
Eggplant, S. melongena seeds (var. Nsuroawia), a local variety obtained from the Horticultural Division, CSIR-Crops Research Institute of Council for Scientific and Industrial Research (CSIR) were sown on seed bed and covered with palm fronds, which were removed after germination. Seedlings were watered daily in the evening until ready for transplanting, after 4 weeks of germination. The experiment was conducted in a randomized complete block design, with 4 treatments and 3 replications. The treatments were: poultry manure, cow dung, NPK (15-15-15) compound fertilizer and a control in which there was no application. Transplanting of eggplant seedlings was done 4 weeks after seed germination. On each plot there were 3 columns with 10 plants in each column. Within each column planting interval was 50 cm. The interval between 2 columns was 50 cm. Two weeks after transplanting, application of soil amendments was done. Chemical fertilizer was applied at a rate of 10 g/plant and this was done by putting it into small hole about 10 cm from the base of the plant. In the case of organic manure, 50 g each of poultry droppings and cow dung was applied around the stem of the plant in their respective plots. The control plots remained untreated.
Data Collection
Insect Pest Enumeration
This commenced 1 week after application of soil amendments and continued weekly till harvest. Sampling and data collection were carried out between 6 am and 8 am when the insects were least active. At each sampling and on each plot, plants were carefully examined for signs of pest infestation. Aphids and whiteflies were assessed using a visual scoring scale with regard to colony size: 0-No aphids or whiteflies; 1-Few individuals; 2-Few isolated small colonies; 3-large isolated colonies; 4-large isolated colonies; 5-Large continuous colonies (Salifu, 1982) .Other insect pests were collected into specimen bottles and taken to the laboratory for identification and counting.This was done weekly until harvest.
Growth Parameters
Leaf Area
Ten weeks after transplanting; 3 leaves from each sampled plant were plucked and used to determine leaf area. Digital image protocol by O'Neal et al. (2002) was used to measure leaf area by using a desk-top scanner and public domain software for measuring existing leaf area.
Plant Height
Plant height was measured using a meter rule; this was taken from the base of the stem to the uppermost canopy of the leaves. The heights of 5 plants were measured and the means were calculated and recorded.
Total Number of Leaves
Total number of leaves of the 5 sampled plants was counted and the mean for each treatment was calculated and recorded.
Stem Girth
The diameter of each of the sampled plant was measured using a micrometer screw gauge at weekly intervals for 5 weeks and the means were calculated.
Yield Assessment
Matured fruits were harvested twice a week, placed in labelled envelopes and weighed. This was done for 3 weeks and the mean weight per week for each treatment was calculated.
Data Analysis
Data obtained were analyzed using the Graph pad prism (version 6.0). Analysis of variance was performed on the parameters studied. Where the differences were significant, the means were separated using Turkeys' multiple comparison test at 95% confidence level.
3.Results
Insect Pests of Eggplant
The major insect pests identified on eggplant during the study period were: the whitefly, Bemisia tabaci Genn., aphid, Aphis gossypii Glover, spotted beetle, Epilachna dodecastigina, (Wied.) the shoot and fruit borer, Leucinodes orbonalis Guinee, Brinjal leafroller Eublemma olivacea (Walker) and the leaf hopper, Amrasca devastans (Dist.).
Bemisia tabaci
Eggplants grown on soil amended with poultry manure recorded the largest mean score, while the control plots recorded the least score. Significant differences in B. tabaci scores were recorded on eggplants grown on the nutrient-amended soil and the control (P=0.03), however, no significant differences in B. tabaci scores were observed on eggplants grown on the nutrient-amended plots (Table 1) .
Aphis gossypii
Aphis gossypii scores ranged from 0.33 on the control plots to 1.71 on the cow dung-amended soil. Significant differences in A.gossypii score existed between the treated plots and the control; however, there were no significant differences between poultry manure and cow dung-amended soils (Table 1 ). 
Table1. Effects of soil amendments on mean population of insect pests of egg plant (Solanum melongena)
Eublemma olivacea
This insect was totally absent on the control plots as well as the NPK-treated plots, and present only on poultry manure (8.85) and cow dung amended soil (1.42).
Leucinodes orbonalis
Very small numbers of this pest was encountered on eggplants grown on plots amended with poultry as well as cow dung plots.
Amrasca devastans
The population of A. devastans was low on eggplant. It ranged from a mean of 1.28 on the control plots to 7.01 on poultry manure-amended soil. The differences were highly significant. There were no significant differences in A. devastans numbers on eggplants grown with the different soil amendments.
Influence of Soil Amendments on Growth Parameters of Eggplant
Plant Height
Plant height ranged from 50.81 cm on the control plots to 63. 14 cm on the cow dung-amended soil ( Table 2) . The observed differences were significant. Mean plant height on NPK-treated plots and poultry manure-treated plots did not differ significantly, but were significantly shorter than plants grown on the cow dung amended soil. 
Number of Leaves and Leaf Area
Eggplants grown on cow dung-amended soil recorded the largest number of leaves, whilst the control plants recorded the least number of leaves; the differences were significant. Plants grown on poultry manure soil recorded significantly larger number of leaves than those grown on cow dung-amended soil. Mean leaf area of plants grown on amended soils and control did not differ significantly (P=0.358).
Stem Girth
Plants grown on nutrient-amended soils recorded significantly larger stem girth than the control. It ranged from 12.9 mm on the control plots to 16.2 mm on plots amended with chemical fertilizer. Among the treated plots, stem girth did not differ significantly, but all differed from the control (P=0.005).
Yield of Eggplant
Application of soil amendments resulted in significant increase in yield, ranging from 0.99 kg on the control plots to 7.09 kg on cow dung treated plots. Yield of eggplants on NPK and cow dung-treated plots differed significantly; however, yield on NPK and poultry manure-treated plots did not differ significantly (Table 2) .
4.Discussion
The various soil amendments had significant effect on B.tabaci and A. gossypii scores. The significantly larger scores of these pests was due to better growth of eggplants on those plots which then supported large numbers of these pests. Organic manure is known to contain many minerals such as nitrates, phosphates (Rahman, 2000) , magnesium and calcium (Dauda et al., 2005) and other minerals needed for healthy growth of plants. On the other hand, the chemical fertilizer used for the study contained only nitrogen, phosphorus and potassium. The high nitrogen content of organic manure and the fact that it contained other minerals enhanced better growth and therefore supported larger numbers of B. tabaci and A. gossypii. Studies by Zaini et al. (2013) and Jauset et al. (2000) reported that plants with high nitrogencontent increased egg survival and therefore supported large numbers of whiteflies. Contrary to this result, a study by Mochiah et al. (2011) on the effect of NPK and poultry manure on the pests of cabbage found no significant differences in the numbers of Plutella xylostella and Brevicoryne brassicae on plots treated with the two soil amendments.
Initially pests' numbers were small on all treated plots and the control, however, subsequent addition of the soil amendments resulted in increased pests' numbers, except on the control plots. Better vegetative growth of plants made them more attractive to feed on. Nutrient application and availability enhance vegetative growth, with large succulent leaves which are then able to support large numbers of phytophagous insects, including sap feeders. When soil is amended with organic and inorganic fertilizers, nitrogen contained in them is taken up by the plants in the form of nitrates and ammonium ions which plants use to form amino acids and other nitrogenous compounds such as chlorophyll (Jahn et al., 2004) . This enhances vegetative growth, hence attracting larger numbers of insect pests.
The major pest recorded at fruit formation stage was the fruit and shoot borer Leucinodes orbonalis; however, they were totally absent from the control and NPK-treated plots. They were present only on the organic manure treated plots, in very small numbers. Ndereyimanal et al. (2013) recorded very small numbers of Brunjal shoot and fruit borer on plots treated with chemical fertilizer. A related study by Hosain (2009) reported that higher doses of NPK fertilizer increased the incidence of the pod borer Helicoverpa armigera compared to the control. This is an indication that increasing the nutrient content of the soil probably has the effect of increasing pests' numbers on crops.
Application of soil amendments had a significant effects on eggplants grown on cow dung amended soil since mean plant height was significantly taller than that of other treatments and the control. Similar results were recorded for number of leaves. It appears that organic fertilizer provided better medium of growth than chemical fertilizer. Poultry manure and cow dung amended soils produced taller plants than NPK-treated plots. Increased plant height on plots treated with organic manure was due to the presence of high phosphorus on the manure-treated plots ( (Adilakshmi, 2008) . According to Mochiah et al. (2011) 30-50% of phosphorus in animal manure is in organic form and must undergo mineralization into inorganic form to be available to plants. Results from our study, corroborates that of Aliyu (2000) that poultry manure positively affects vegetative development of garden eggs, thus improving the health and promoting growth of the plant. Organic manure is able to hold significant amounts of water compared to chemical fertilizer (Rakshit, 2009) , thus making more water available to plants. This was even more significant due to the fact that the study was conducted during the period of low rainfall where soil moisture was low. Therefore the ability of organic manure to hold enough water made it readily available for nutrient uptake for growth.
Poultry and cow dung manure recorded larger numbers of leaves as a result of better availability of nutrients, an observation that was also asserted by Jahn et al. (2004) and Ulikan (2008) . High nitrogen content in the soil enables plants to undergo vigorous growth. Soil amendments had significant effects on leaf area, with cow dung-amended plots recording larger leaf area than plants grown on NPK-amended soil, however, Mochiah et al. (2011) recorded larger leaf area on NPK-treated plots compared to poultry manure-treated plots. Increasing the nutrient content of the soil mainly increases leaf are index and light absorption, resulting in increased photosynthetic activity. This has been reported on crops such as lucerne (Medicago sativa) by Lemaire et al. (2005) . Availability of soil nutrients and increased photosynthesis led to increased growth and yield. Cow dung, which recorded significant increase in plant height and leaf area also recorded the best yield. This shows that when fertility of the soil is improved it leads to increase in yield. Work done by Deshmukh and Takte (2007) on tomato revealed that application of NPK increased yield by 16%. A related study by Mochiah et al. (2011) on the use of poultry manure as soil amendment recorded the best yield on the control plots. This was attributed to low pest infestation and percent leaf damage. Application of soil amendments to improve soil fertility has the effect of increasing crop production, however, excessive use of inorganic fertilizers can lead to improved vegetative growth making it more attractive to insect pest attack and increased pest damage resulting in reduction in yield.
Conclusion
Application of cow dung and poultry droppings to the soil significantly increased Bemisia tabaci and Aphis gossypii scores but had no significant effect on shoot and fruit borer Leucinodes orbonalis infestation. Application of soil amendments leads to improve crop yields, however, excessive use of inorganic fertilizer and organic manure increase vegetative growth and makes the plant more attractive to insect pests to cause damage to the plant. Our quest to increase crop production through nutrient application to the soil must be done together with pest management strategies in order to obtain the full benefits of soil amendments.
